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© Pipe for the pneumatic transport of polymer particles. 

@ A pipe for the pneumatic transport of solid poly- 
mer particles has an internal diameter d and con- 
strictions along its length, the distance between con- 
secutive constrictions being between d and lOxd. 
The pipe can be used to transport polymer particles 
with the aid of a carrier gas at a gauge pressure of 
between 10. and 100 kPa, a temperature which is at 
least 5*C below the melting point of the polymer 
and a sufficient velocity to ensure turbulent flow of 
the mixture of carrier gas and the particles. 
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PIPE FOR THE PNEUMATIC TRANSPORT OF POLYMER PARTICLES 



The present invention relates to a novel pipe 
suitable for the pneumatic transport of polymer 
particles and to a pneumatic transport process. 

In plants for the manufacture of polymer and/or 
the conversion of polymer to granules or finished s 
articles, it is known to transport polymer particles, 
such as powders, beads or granules, pneumati- 
cally. These polymer particles are transported with 
the aid of a carrier gas in a pipeline consisting of a 
system of pipes characterized by a constant cross- to 
section and more particularly by a circular section 
of constant diameter. However, during transport of 
the polymer, the formation of threads or filaments, • 
disturbing the transport and the conversion of this 
polymer, is observed inside the pipelines. The for- 75 
mation of threads or filaments is essentially due to 
degradation or crumbling of the polymer particles. 
This degradation or crumbling takes place when 
the particles rub against one another or against the 
walls of the pipelines, with incipient melting of the 20 
polymer, especially in zones where the flow can be 
of the laminar type. These phenomena are gen- 
erally observed when hot polymer particles are 
transported or when the particles are transported 
with the aid of a hot carrier gas. 25 

To minimize the degradation or crumbling of 
the polymer particles during their transport, it has 
already been proposed to use pipes having a 
rough internal surface or having notches formed in 
their inner wall. In particular, the pipes can have, on 30 
their internal surface, circular or helical notches 
which can be made with the aid of a special device 
moving inside these pipes. It is thus impossible to 
produce such pipes in an already existing plant. 
Furthermore, during transport of the polymer, the 35 
notches can fill with polymer particles and can 
therefore lose their effect on the transport of the 
particles. In addition, the polymer transported in 
such pipes can be contaminated by another poly- 
mer, of a different quality, which has previously ao 
been transported in these pipes. 

A novel pipe for the pneumatic transport of 
solid polymer particles has now been found which 
makes it possible to overcome the disadvantages 
mentioned above. In particular, when used, it <s 
avoids the formation of polymer threads or fila- 
ments, especially when it is used to transport a hot 
polymer or to transport a polymer by means of a 
hot carrier gas. This novel pipe has the attraction of 
being easy to produce with the aid of a simple 50 
device. The inveniion has the added attraction that 
pipes of an already existing plant can be easily 
modified to form pipes according to the invention. 

Tho present invention therefore relates to a 
cylindrical pipe of internal diameter d, intended for 



the pneumatic transport of solid polymer particles, 
characterized in that it has constrictions located 
over its length in such a way that the distance 1 
between two consecutive constrictions is between 
d and 10 x d. 

Figure 1 schematically represents a longitu- 
dinal section of a pipe with constrictions. 

Figure 2 schematically represents a constric- 
tion in a longitudinal section of the pipe. 

Figures 3 and 4 schematically represent two 
different types of constriction in a cross-section CC 
of the pipe shown in Figure 1 . 

According to the present invention, it is essen- 
tial for the distance 1 between two consecutive 
constrictions to be short enough to avoid the for- 
mation of threads or filaments. When a cylindrical 
pipe has an internal diameter d, the distance 1 is 
generally between d and 10 x d and preferably 
between 1.5 x d and 5 x d. Advantageously, the 
constrictions are located at regular intervals over 
the length of the pipe and are a constant distance 
1 apart. 

Figure 1 schematically represents a longitudi- 
nal section of a cylindrical pipe according to the 
present invention, the said pipe having a thickness 
e and an internal diameter d and having constric- 
tions located at regular intervals and a distance 1 
apart. 1 being equal to 2 x d. 

According to the present invention, a constric- 
tion consists of a restriction of the internal circular 
cross-sectional area S ofthe pipe. At each constric- 
tion, the new internal cross-sectional area S of the 
pipe, which is useful for the passage of the poly- 
mer, can advantageously be between 0.900 x S 
and 0.995 x S and more particularly between 0.95 
x S and 0.99 x S. 

Preferably, a constriction is produced symmet- 
rically to the longitudinal axis of the cylindrical 
pipe. The appearance of mechanical stresses, 
which may cause the pipe to deform, can thus be 
avoided when the pipe is made. Consequently, at 
each constriction of this type, an interna] cross- 
sectional area S is obtained which is symmetrical 
relative to the longitudinal axis of the pipe. 

A constriction in the cylindrical pipe can con- 
sist in particular of a symmetrical and uniform 
restriction of the circular cross-sectional area S so 
as to give a new circular cross-sectional area S 
concentric with the area S. This type of constriction 
is particularly suitable for a pipe arranged vertically 
in a plant for the pneumatic transport of polymer. 

Figure 3 schematically represents a constric- 
tion consisting of a symmetrical and uniform re- 
striction, in a cross-section of a pipe having a 
thickness e and an interna! diameter d. This con- 
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striction defines a circular cross-sectional area S 
of diameter d . 

The constriction in the cylindrical pipe can also 
consist of a non-uniform restriction of the circular 
area S. In particular, it can be produced so as to 
give a surface s' having a restricted part and one 
or more unrestricted free passages defined by cir- 
cular sectors of the area S. The circular sectors 
have a vertex situated on the axis of the pipe and 
an angle at the vertex ranging from 5 ' to 60 " . This 
type of constriction having at least one unrestricted 
passage is suitable for any pipe of a plant for the 
pneumatic transport of polymer. However, this type 
of constriction is particularly recommended for a 
horizontal or inclined pipe such that the axis of the 
pipe forms an angle of less than about 80* with 
the horizontal plane. In such a pipe, an unrestricted 
free passage is advantageously located at the low- 
est point of each constriction. The effect of the 
restricted part is to stop or slow down the particles, 
which then tend to fall under gravity to the lowest 
point of the constriction. The unrestricted free pas- 
sage enables the tatter particles to be picked up 
again in the flowing gas. 

Figure 4 schematically represents a non-uni- 
form constriction in a cylindrical pipe having a 
thickness e and an internal diameter d. This con- 
striction defines a surface S having: 

- a restricted zone defined by two circular sectors 
(1) and (2), which are symmetrical relative to their 
vertex 0 and each have an angle at the vertex of 
150* and a radius d/2, and 

- an unrestricted zone bounded by two circular 
sectors (3) and (4) leaving a free passage at the 
highest and lowest points of the constriction, re- 
spectively, these sectors being symmetrical relative 
to their vertex 0 and each having an angle at the 
vertex of 30 " and a radius d/2. 

The pipe for pneumatic transport according to 
the invention can be made of a light metal such as 
aluminium, an alloy of a light metal, steel or stain- 
less steel. This pipe has an internal diameter d 
chosen according to the amount of polymer to be 
transported. The diameter d is generally between 5 
and 30 cm and preferably between 18 and 25 cm. 
This pipe has a wall of thickness e, which can be 1 
to 5 mm and preferably 2 to 3 mm. 

The constrictions in the pipe advantageously 
have an internal surface which does not have any 
angular parts. By way of example. Figure 2 sche- 
matically represents a constriction in a longitudinal 
section ol a pipe of thickness e. such as shown in 
Figure 1 . This constriction corresponds to a circular 
depression in the pipe, which deforms its internal 
and external surfaces into the shape of two semi- 
circles (5) and (6) of radius e/2, its thickness e 
being left unchanged. 

The constrictions can be produced simply by 



means of pressure exerted externally on the exter- 
nal surface of the wall of the pipe. Depending on 
the type of constriction to be produced, the pres- 
sure can be exerted over all or part of the periph- 

5 ery of the cross-section. The constrictions are pro- 
duced by means of any known process which 
makes it possible to reduce the diameter of a tube, 
in particular by hammering, or by a restriction 
process using an apparatus equipped with a wheel 

io actuated by a lever. 

The invention further relates to a process for 
the pneumatic transport of solid polymer particles 
by means of pipes according to the invention. This 
process is characterized in that the polymer par- 
rs tides are transported with the aid of a carrier gas 
at a gauge pressure of between 10 and 100 kPa, a 
temperature which is at least 5*C below the melt- 
ing point of the polymer and a sufficient velocity to 
ensure turbulent flow of the mixture consisting of 

20 ■ the carrier gas and the particles. 

The carrier gas can be air, nitrogen or a mix- 
ture of gases which may contain monomers, satu- 
rated or unsaturated hydrocarbons, water vapour, 
hydrogen, nitrogen or oxygen. The carrier gas can 

25 circulate at a velocity of between 10 m/s and 40 
m/s in a pipe having an internal diameter d of 
between 5 and 30 cm. 

The use of the pipe of the present invention in 
a plant for the pneumatic transport of polymer 

30 makes it possible to avoid the formation of threads 
or filaments and has the advantage of favouring 
flows of the turbulent type. Furthermore, it is found, 
surprisingly, that the amount of polymer transport- 
ed for a given amount of carrier gas is increased 

35 by 10 to 20% when using this pipe. 

The polymer is generally in the form of a 
powder consisting of particles with a mean diam- 
eter ranging from 200 to 2000 microns or, advanta- 
geously, in the form of beads or granules with a 

40 mean diameter ranging from 2 to 4 mm. When the 
polymer circulates in a pipe according to the 
present invention, the temperature of the polymer 
can be at least 5 " C below its melting point. 

The pipe according to the invention can be 

45 used in pipelines for transporting a wide variety of 
polymers in particular polyester, polystyrene, poly- 
vinyl chloride and polyolefins such as poly- 
propylene, high or low density polyethylene, linear 
low density polyethylene and copolymers of eth- 

so ylene or propylene. These polymers can contain 
additives, especially cling agents such as poly- 
butene or atactic polypropylene. The pipe of the 
invention is suitable for transporting granules of low 
density or linear low density polyethylene, granules 

55 of copolymers of the EPR or EPDM type and, more 
particularly, granules of polyethylene having a melt 
index greater than or equal to 0.5 g/10 minutes, 
measured at 190* C under a load of 2.16 kg. 
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The following Example illustrates the present 
invention. 



Example 

Granules of an ethylene/but-1-ene copolymer, 
having a density of 0.918, a melt index of 1 g/10 
minutes, measured at 190* C under a load of 2.16 
kg, and a melting point of the order of 110 "C to 
123' C, are transported pneumatically in a plant for 
the manufacture of linear low density polyethylene, 
comprising in particular a polymerization reactor 
and an extruder for granulating the polymer pro- 
duced. These granules have a mean diameter of 3 
mm and are at a temperature of about 60* C. They 
are transported pneumatically in a pipeline with the 
aid of air at 20 *C, a relative pressure of 40 kPa 
and a velocity which varies from 1 5 m/s to 25 m/s 
between the beginning and end of the pipeline. 

The pipeline consists of a system of cylindrical 
aluminium pipes represented schematically in Fig- 
ures 1 , 2. 3 and 4. The pipes have a thickness e of 
2.5 mm and an internal diameter d of 250 mm. The 
cross-section of a pipe therefore has a circular 
cross-sectional area S , which is useful for the 
passage of the granules, of 491 cm 2 . The pipes 
possess constrictions which are regularly spaced 
out and are a distance 1 of 500 mm apart. 

When this pipe is arranged vertically in the 
plant, each constriction, such as shown in Figure 3. 
consists of a uniform restriction of the cross-sec- 
tional area S of the internal cross-section of the 
pipe. It is produced in such a way that the new 
cross-section of the pipe has a diameter d of 247.5 
mm and hence an area s'. which is useful for the 
passage of the granules, of 481 cm 2 . 

When this pipe is not arranged vertically, each 
constriction, such as shown in Figure 4, consists of 
a non-uniform restriction of the surface $ of the 
internal cross-section of the pipe. It is produced in 
such a way that the new cross-section of the pipe 
has: 

- a restricted zone bounded by two circular sectors 
(1) and (2), each of which has an angle at the 
vertex of 150' and a radius of 124 mm, and 

- an unrestricted zone bounded by two circular 
sectors (3) and (4), each of which has an angle at 
the vertex of 30* and a radius of 125 mm. 

Thus, the new cross-section of the pipe has an 
area s' of 482.5 cm 2 . 

Under these conditions, no formation of poly- 
mer thread or filament is observed when the gran- 
ules are transported pneumatically in this pipeline. 

Claims 



1. A cylindrical pipe of internal diameter d, 
intended for the pneumatic transport of solid poly- 
mer particles, characterized in that it has constric- 
tions located over Its length in such a way that the 

s distance 1 between two consecutive constrictions is 
between d and 10 x d. 

2. The pipe according to Claim 1 , characterized 
in that a constriction consists of a restriction of the 
internal cross-sectional area S of the pipe, the said 

70 restriction defining a new internal cross-sectionaJ 
area s' of between 0.900 x S and 0.995 x S. 

3. The pipe according to Claim 1 , characterized 
in that a constriction consists of a restriction of the 
internal cross-sectional areas of the pipe, the said 

75 restriction being symmetrical relative to the axis of 
the pipe. 

4. The pipe according to Claim 1 , characterized 
in that a constriction consists of a uniform restric- 
tion of the internal cross-sectional area S of the 

20 pipe, the said restriction defining a new internal 
cross-sectional area S concentric with the cross- 
sectional area S. 

5. The pipe according to Claim 1, characterized 
in that a constriction consists of a non-uniform 

25 restriction of the cross-sectional area S of the pipe 
and has one or more unrestricted free passages. 

6. A process for the pneumatic transport of 
solid polymer particles in a pipe according to Claim 
1, characterized in that the polymer particles are 

30 transported with the aid of a carrier gas at a rela- 
tive pressure of between 10 and 100 kPa. a tem- 
perature which is at least 5°C below the melting 
point of the polymer and a sufficient velocity to 
ensure turbulent flow of the mixture of the carrier 

35 gas and the particles. 

8. The process according to Claim 7, char- 
acterized in that the carrier gas is air, nitrogen or a 
mixture of gases containing oxygen, nitrogen, hy- 
drocarbons, monomers, hydrogen or water vapour. 

ao 9. The process according to Claim 7, char- 
acterized in that the polymer particles are in the 
form of a powder, beads or granules. 

10. The process according to Claim 7, char- 
acterized in that the polymer is a polyester, a 

45 polyvinyl chloride, a polystyrene or a polyolefin. 
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